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Abstract 



Apparatus and Methods are disclosed for adaptively optimizing an ER filter in a readback system of a 
storage device, such as a disk drive. A sample value is read from the storage device and an error 
measure is calculated between the sample value and an ideal value. Pole parameters and zeros of the 
ER filter are modified to minimize the ER filter. The apparatus and methods disclosed can function with 
customer data to adaptively optimize the ER filter in real time during normal operation of the storage 
device. Furthermore, tempera ture c ompensation circuits are disclosed to compensate for temperature 



dependencies in the ER filter. 
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(57) [gSi^] 

equalization and receive) y ^ 4 1 0 ^r^ig-ftif 

mti-tfa^mzm^imm^Nzu^^o ic^m-t-s^s 

(custoiDer)-x— ^'T^^oT^jctl.n mJlBS/t^ ^ — 5^ 
ti. ^mmz{t. mt^ERy^J\^^<Dti y h:^y mrSi^ 



4 1 0 



ER7-f 



y(n) 





S 1 0 








d(n") 




EPR4 






8 2 1^ 




( 2 

1 

^(pole)/'^7^-5'&l/-t'D&=g-r-5ER (mit^m : 
equal izal ion and receive) y ^ ^MMit't^fzify 

t^^wmt-r^iM^m i tcte^ro e r ^ ^ Ji^^mmit^j 

r) -x- :5' -2. C i: t-r ^ trl3® CD E R 

[ii*3S4} flufB@/15;<-^tt, BiJteER7i';i/;S' 20 

S(pole)/'?^>c— :S'SD^*-tfPS#f -5ER (^-ftSff : 
equalization and receive) y ^ ^^.Mit'f^fz^ 

^©<t, 30 

$;-&t; d t ^^rltm tf-S E R 7 JU^'Sjgit: 

[ifdJ^ie] HiIIBER:7^';i/5'CDHtllB1fD$:i?ifBigM 
J; ^> Ic^M-r ^ 6 Ic^tJ d <h ^ 

t^m. t r ^ B§^:^ 5 IClB® ® E R 7 ^ ;U ^' 
Cg§5lc^7] mIiBt>->:7';Hi(a, 3.—- tflJ^Ccustome 

[IS*3S8] MIB1S/t7^-:S'ti. HtFlBER7^';i'5' 40 

im^ms] iBi]g^sw^mL->x5^A(c'&^n'2>. 

tiy h^ym^^RU^^mo)-iia=^mT^ER (mit 
^{f : equal izat ion and receive) y -f ^^'MitT 

mimtly h^ym'T&^iznT^tl-y h^ymRZfmtim 
ScfliCDiiD tc«-r-5lt&fli©7 )l'^-bf □{i$:St^-r-5 
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2 

BtllB-tt > t taiBSSM t ©rBl<7)¥J^ -^^MM€r 
ftSE-r^Xx-;/7't, BtrlB;^-^ S:t7ffi<i:MIB7-<Jl.^ 
•fD{ii®S->^i?&^ML, mftB¥i^ilS^Mffl<&S/Mk 

ati^tly h:t7M$-5^zL-->y(tuning)moftfC^^^-r 

mitiy ■<Jl^i^-\famiD&-i!^y ^ )l^-i£aME.lz^i^T 

h5IB5^ i - :i > y m St ^ A-f T X mJE {C ^^^-r -5 X ^ 

WtB/'^-r 7X@JESDCmIIB7-i' ;U:$'-tfDMco&-* <&tfilB 
ER:7^';i'^{c4-;t, HUlBE R 7 ^' ;!/:$' ®MtB;<7 <y h:t 

■^tr d t tr ^ E R 7 )Vi$'mmit:)jm, 

[m^miO] ^a.-->i7'(luning)«gitA:^J^^ 

BfrtB^:i-zi>^^m«tA;^S^tJ^g|^n^M 1 oilriit 
^Tt. SJlfe^tlfcmi ©HSHSS^^i:. SI2®^8SS^ 
t i^fff-S^ 1 CO;*; I/> h = ^-i. 

2CD«ili^^i, ^ 4 ®tto5t)^^t&W-r -2.11 2(^3*1^ 

WtB«JEA:^)S^<i:WIBm2©* U-> h 5 ^-coStltB^ 
4®m8ft«g^tlc^^^n;'c^l (7)«ill«g^t, *5gB5" 
i > ^^mSS A <h BiIIB«EE{il :'3a^ t ^ 

g-g- (matching) h 7 >>'7.^' i: d t S-^mtT 

[igjj^^ii] mt5.mi£xtiii^'^izmm^n:/tf^2(D 

$iJiaiSa^<t, tiIIB^2<D:^U->K5 7-<^tfIIB^4CDm. 

•^^^(Dmtim 1 c7>®iisis^tc:igiigg$nfcm4omjii5ffi 

T i: i& ^-r -5 m 2 CD h ^ > -:^X ^ ^ $ e. (cfiS ;^ . 

Hi}iBS-&h7>>'x^'©mjtBmi<DmM^«. mtim 
Tu-adt^rl^mtT-siS^JSi 0 icK®«ras/ilEE 

[IS5t^^l2) Hlltfi^^h^>-:^X^tt. MOS FE 

TT^.-5.di:^!^sit-r^sijjt3i 1 0 \zmm<oi^m/m 

7 h^>-:^XiS'T-*-5di:^!HF84it--5W*JSl 1 ICIB 
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[0 0 0 1] 

J?E:;§^gg(part ial response target) iZ^itT^tzisbCO 

yn^^AoItETi (^t.i^iil;S&5;^i:) /^^;<-:$^^#*r 
^m-^tDitER (^^bSft : equalization and receiv 

-So 

[0 0 0 2] 10 

ti. m^±\zy'>^^)ii^-^>7s^tmL. T^uifm 
r:i^\z. m\^\^/mih^^-^:^-Mz\i. umt^tmit 

[0 0 0 3] ^>l^>yx$iJPiB (RLL : Run-Lenght L 
imi ted) H 

Ln- K^flaViTVi^, RLLlD-KtS. — ®tC. 20 

m^dtvLiz^-Dx^m-^n^n. cm 
^ti-^n^'n. 2MA;^«#fc*5tt^i^iggr'5*^^^^t; 

mm'r^^m^i[:m\zmi& (d + i) {@cd, 

S:^ (k + i) <@(^f>>7i^;i/-r >5'— /N*;i/:</^??ffit"'5^ 

6n^=]-K(cti. (1, 7) (2, 7) izmm^n 
tz (d, k) ffl$:=t>on-Hfc^^n^o -mz. z.n 

c:<h7!;^{SS£^n^o dm(Dmm\Zj:0. \f-i7^tti^m 40 
u^fc{f^<^^ffitg:^;^ta,g$n^o gB5j^JS^S:t:ffi (PR 
ML : partial response maximum likelihood) t5if5^ 

[0 0 0 4] M^^i^ >^.y >^ 

^^Ummo^l-D^t. mnm^m (I S I :intersymbo 
1 interference) T^-So ^ K 

±commLTmm^nrzikm^itizj:,^m^(D:t-/^'- so 



Tt'tj-T^i: < Wzt^m ^ n/clK CD x >;if jbTl^^ e (D^ 
<D:<J— ^ - > ^ ± L; ^ o 

[0 0 0 5] I s \ (DBm^mik-rrzisbizmj^^ri^m 

gP^ff^^ (PR:partial response) ' ft -^IC^'ft'T -So 

[0 0 0 6] ^ 1 fC7K-r<:t'5lC. K/'^^/yi/T 
mit^l 0 ^<DXti^'^\zm^n^^ PRMLgfi 

LT, mt^ 10 6 c7)ai:^/$g^ 1 0 8 ±.\zm\tmn^± 

[0 0 0 7] T'-i?'3m-t^5^>^^;i/?K»tB^>-X5=-AIC 

[0 0 0 8] P (D) = 1 -D' 

^« :iOPRfI^H, (Class I 

V) PRj . ^\^^\tmiE'^tirzJ^2m (duob i na 

ry) i^^^^)>^tm-s.ri^o ^mpR\znT^m^ 

[0 0 0 9] y (kT) =a (kT) -a [ (k-2) 
T] . n = 2, 3. 

dCT. a (kT) ^myiT\Z^n^Xili^>^>.)V 
T$»0. M'^2mW-^X$>^ (0, 1) ^lifri {1, - 

2'Z>OA;'7'>>7j^;Ua (nT) ia [ (n-2) 

[0010] ^^ksg 1 0 6 otB^^is^ 1 0 8 AKDmitm 

b'^eZJl^d-'JXAIcSoX t:^t:<^ltbggi 1 0 

\z:^^^x\t. mn. m^m^m'X.\^\ ^mmti^xp 
[0 0 11] PRmmt^(DmiR\t-'m^x\tu\^^t'^. 



5 

[0012] P (D) = (1-D) (1+D) " 

-So n=2©a:^«E PR 4 tO#tin. n = 3«<i:^E 
' PR4 tti^JcpfcPf^n-S. 

[0 0 13] ^itm 

ff]tj.:>ji^tLXit. Sx-f 'J7->>i?' (ant i - a 1 
i a s i ng) TifiUj ^{t€rSI?T-r^Sff 7 ^' ;i/ 

^ tLT(Dmi^mmy ^ Jl'^ 2 1 0$r. RlfMcDBglJ^;^ 

)V^2 3 0 tsa^fc-y:Tfflu;5. a:^{t;g5 2 2 o«, 
mmmy^)u^2 i o©fcbi:^^&gifi[R#rB^fi-^ic^^-r^ 

s?fFBi7^';u^' 2 1 oizxt}-^ri^, i*->yu>y$n7t 

^A!lSS^f}0«^lc:«. ■:^{b^2 2 0«, 7:^Dyx 

->'^;i/^^gsTS)'5. m^^w.nmy ^ 2 3 o«, 
-f >/'?;i'Xjt£;g (FIR) y^}V^, 9y-:f{\mmm., 

^tiJb^^-^^Jl/*^. ^-fkfflOF I R:7^';i/:5'$:fflti.5Cl 

0 4{z'D\.^x^it>'^!sf)iE,nrz^<Dmmorz-D->y)imt: 

[0 0 14] F I R«?ittCj;n«, y ^ )V'^%^^^it 

^^^z.t\z^y). y^Ji^it^^. ^Bic^<k$-B--5 

■a--5;it*^T^^. c:©!|$S4ic=ko. f i RfiSifitt. m 

n (8-z, ) 

H (G) 4 

n ^s-p^ ) 

dCT-, s\tmmSi.yfy7.^^ (=jw) T*0. z 
D©3a:tt3S^2*^^.4-e$)0. iS^e*^-:) 8T*-5SO 
[0 0 2 1 ] E R^i-iU^^ggftroPom^^JCtt. EPR4 

s^iiiti'S:meiT^rzisbizmt-ifa^ik^-r^zLtAi^ 
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[0 0 15] PRMLMttlL5"^^^;KD|gl8ttta, ^•fb 

^si 0 6(D^mmmjz±^<^WLxi^^. piRmm 

Rzfmmm^^y^A^2 1 owe^Mgscicft^r^. 
10 [0016] -mz. mmmmy^)i'^2 1 otctt. {g 
my-oi'^Amv^-^n. ^^^mimmy -oi^ 2 3 0 

«. -t^>y;^T:^^i;'F I R:7^ LAcsd^-:) 
T. T'^Tro^^bti, 1 OfflSTWrS' -^yS^i^^SrffltiT 

■^y-yjvTi-u^F \Ry-i )v-5'}^x^n-^n^, 
;i'^S:LKF I Ry ^ )\^^\z'ifm-fm-s.^\^^. 

[0 0 17] F I Ry ^ <n>t^mzii-:)X. ^<(K>f^ 
S*^^D-5o 5='-:^:5';UF I R«, »ffilllgg±<73 

20 (C. 'T'y9)\^Y \ Ry -m^^X'&Wi-^n^tz 

Hi. m^:zi>\f:x-i$'fj.ii<Dm.mAmm-snrzmm\zi:i 
^(^tx'$>^o Mic. £-mu^mm^m^fzis()\z\t, ^ 

[0 0 18] '^^(Dmmnmy ^ )v^-Bi.xs'^^(omT^m. 
w.mfi\y^)v^\i. mit^m (er) :7^';i/^(cg^^ 

30 ^Rz^'^m(nmmmmr^y-<)i^<Dmm=s:mn-r^. 
m—<Dmmmmy-(}i'f'x$>i>o ERy^A^'trm^-^^ 
z.tiz^o, mtiiLmmmit-r^rztbiz'iit^<Dmmiz 

^^^^Xm^^^nx^r^tzF I Ry^JU^t:'^< Cli:*^-!? 
;iniCJ;0. EPR4{I-^€r^B£-r-5:^ffi2Sit;->X 

T^AttfiHBS^b^n^. 

[0 0 19] ERy^-^i/^fj. ^t>-fl£W(-«e)iga^ 

H (s) lC<toT#SiO'ttbns, 
[0 0 2 0] 

[Sci] 



a-%^ilt)?-r^C<»:(-J;0iB«feT-#'5, {fiJ^Ltf; H (j 
w) t^^^T-^^ens^rScD^SitM^gcD (jw) izO 

r^<Dw-i^-m^M^m'Nz-r^:iiiA^X'^^. 

[0 0 2 2] 
[&2] 



( 5 ) 



D ( j w) = 



T ( j o)) 
C ( j a>) 
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(2) 



2 s i n (coT) cos (oj>T/2) izj: 
oT^AtSn-So C (j oj) tS, ER7w';i/^(^A:^/lC 

K;i.t^>^o ggsc (jw) 

[0 0 2 3] x^X^ K^<yffliii'^l^TtS, -fi^ 

[0 0 2 4] msit. ^ (1) iz^i^^x-^^ibti^^m 
m^H (s) ^^T^ERy^ju^ 3 1 o^mmit-t^ 

d (kT) -a [kT] H-a [ (k-1 
-a [ (k-2) T] - a 



jA^n^o ffi^nc7){f-^a (kT) \t. ^>:/)i^m\z-r > 
(kT) {t. ^mu^>':^)i^mmr^j:v\z. $mm 

10 [0 0 2 5] 

[^1^1] 

ipofi^a (kT) m'muAm.pR^MWimz^'o 

TK^COfl^d (kT) tC^^^n-So mT.Vl. EPR 
4(c;fel.iTd (kT) tSTIBg:3tcJ:^T#A^n'5o 

[0 0 2 6] 

[^3] 



) T] 
E (k-3) T3 



(3) 



Kai<7){t^a (kT) \t.. ERy^)\^^Z\^<DX-nm 

S^^tti^n^o *^{t;{i-^ti. er:7^;i.37 3 1 ofCcfc 

::>T#<t$n, ERy^Jlt^S 1 0 C7) ffi :^ 3 1 5± 

xi^*^;i.2^^gg3 2 0<7)ffi:;^S5^ 3 2 5±{C^MP$rp^x 

-^tS, y''J^)Vmit{t^y (kT) <tfcP?frfn. gE»]0 
ff^a (kT) ii^^CDm^d (kT) (C^LVi1t>y 

;urpM>i?'-/K;i/T^^LTii^o Jag:g§3 3 0ti. 

SLg§3 3 OcDIEc7:)A;^*gT3 3 2 ±CD7^v?^;U^{kff 
y (kT) ;:>^biJDg:gg3 3 OC7)ftc7)A:/?i^^3 3 1±CD 
K^ac^fi-^d (kT) ^mWl.T. 1}m^3 3 0(D\hti 
3 3 3(Z|g^{S^e (kT) ^ttl;fj-r-5o 
[0 0 2 7] ^^{f^e (kT) 'Ti^i^)imim^ 40 

y (kT) <ow-^-mw^m^mwr^tz^\zmmit^3 
4 o\z^^xm\^^^ti^. -eLT, m.mit^3 4 o\t. 

^^^SBffi (standard gradient m 
e thod) €:ffll^T, ^i^-fRi^MtcSo'V^T, ER 
>'^;U^3 1 Oco^<h-tiaco(4g^Si@{tf -So 

Sjg<bS3 4 0ti, Sc^ (1) <D^'f-'&,U^m:(0^ 

3 4 2{z^x^n. ERy ^ 3 1 o<Dmmit^wm 



[0 0 2 8] Si8<l::g§3 4 0 (1. ^?t;i@S:L^-t: D (gc 
^^^S«^) ^fhWL, ff;^c75:}t^M^gig^t:§§3 4 0<D 
ai;b^^3 4 5 7&^e'r>^^;i/7::^Dy^^^ (DAC) 
/\*>^ 3 5 OtCig^o DAC/\*>^ 3 5 Otl. jgffc^^cCS 

si/ifD (^i^ti^sc) ^Ti-u^mmz^mi^x. e 
Ry^jii$^ 3 s o(Dm:^^zf'ea^^m^i±^o mwss 

3 3 0, &mitSs3 4 0 . DACA'>^ 3 5 Ofri, /\- 

tDit\zj:'ox. ^±izmm'r^ct:^^x^^o 
[0 0 2 9] mmitmm^ ^(D^v ^zmm-r^i^^iz-fy^i^^ 

t^ib-r. ERy^)V^/\'7:^-^. iP-fe^Sl/iiDtS. 

'^t>i^) "^y"-^ U'-h\zn\^Xt}X^^^ X'^^:it: 
^^X^^o Ltz^^->X. m3\Z9jkLrzi^7.^A{t. 

[0 0 3 0] 

\mMm^\^^o^t^^m\ ^ (d \z^^^mm 

UERy 4 )V^c^m^\z\%. 2 •o(D±.^fs,'K^^if^&^. 

>'BLn^-jY/^w-(^%'m.'^t^^\zn\.x. 8-12(0 

<^/1^p< — ^ (2'-4fl(7)-tiD+ 6-'8fi(7)^) 1f^'>L-'^ 
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9 

[0 0 3 1] 7^';U^'/'?7>^-^Sr^^-r-5)fc 

mm (MSE) tLTii^^n^. ax. HM^fc^t-r-s 
[0 0 3 2] E R7^';^^lc:^i. ^«^-fb. 4# 

■7 X ^ - 7 -I- ;i/ t X U - ^ 7 ^' ;i/ iS' 05?aSfti? 
[0 0 3 3] b«b«ffl(.i^,n^fc'5I><i:-:?<D««m 

bTSabe-n-S. ^CIT-. i^-^W 30 

5- idSfiSr ^ c: t T -5 o 
[0 0 3 4] ^tCT. IE5gT. ^:glCSjS{bT-€r. IBIS 

[0 0 3 5] iets^£scoggaib->xx 

[0 0 3 6] *%B>^<^tje)-0(DHlli«, fBtt^SWS! 
tiSb->X-7^A{Z-^in^ER7^;U^'€:. lEWT'SSlC 

fbT^-S E R 7 >'U^Sjg{t^®$:ffl«-r'5 d tiC* 
■5. 

[0 0 3 7] *%B^OStJC0aSgi«. letgJ^SOMtb b -> 
X -5^ A COfa^R l/^mEEfttJg U JHC tJ It -a ggi/j <& JiflffiT 
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[0 0 3 8] 

n«. tS^^StDi!tbb->XT-AlC#^n-5, HCpole) 
/^'y}>^-'?^BLU■^f.u^^-r^ER (^{tSff : equal iza 
tion and receive) 'P '< )\^^ ^WiM\\L'ti>tz^<D'f3it\z 

S/t ^ - $Hfl8e^^ffl;<)<a/Mc;^ct-5 J; ^ 

7. 7^ y S:^ tl- C t $:!|#g5: 1 1" -S E R :? ;U:$7 gig^t 

[0 0 3 9] ^^^(D^2(Dmmz^t\f,-S.. WKHIC!) 
ffi*ll(CJ:-5ER:7^' jP^gJ§{t;^ffilC*5l,iT, mllBER 

S-r^XT^-;/ e, IC-^trC t ^r^^mt-r-S E R :7 ^ 

[0 0 4 0] *fgB^©ii3(^^<i{cj;n«. Mia^ico 
mm.\zii:^ER-y ^ )\^^mm\\L-)5mz^\.^-z. HijBB-y-> 

yjHiSH. JL— if||iffl(customer)-7^— rS'Tab-SC t<£ri^ 

tit-r^ E Ry ^ )\'^mM\^-)5W)m^n^. 

[0 0 4 1] *^Bj®^4©^*tl'J;tX«. BUIBmiW 
J;^ E Ry-< ;i/^Sii{b:^felC*3ViT. ttFlBM/'^ 
HfrlBER7-<;i/5'CD*<y K:t:7ilife|gc/1^ 

[0 0 4 2] ^mm^^(Jimmz^m-t. iBitaa® 

Maib->X5^Atc:-^in-5, S(poie)/'?7^-^RZ/-t' 
n$:*-r-5ER (^-ftSli : equalization and receiv 
e) :7-<Ji/^$-gjSfb-r-5/::«i)C9^SIC*5ViT. BiJtBtB 

-r-5^®t. mrtBit>y;U{itHtrlBSffiMtc7)FB'](D^M 
ffl^t1-gE-r-5^©t. tfIIBS/l7^-^'^H(IfBg5MM*^ 

^ E R 7 -f ;i/^SjS{t:S^M*im 5.ns. 

[0 0 4 3] *%BjW^6CDSg<itCj;n«. MtB^ 5 K> 
jlg^tCj;SER7-f'Jl'^'S5SlkSI®IC*3l.iT, HdtBER 
7 ^ roSiitB-fa ^tfItBi^lHBA<S/M';^c-5 J; -5 tc^ 

®© E R 7 Ji/^ SjS{i:gS7j^?# ^, n-5. 

[0 0 4 4] *%B^©^7<D{i<IStCJ:ntf. gfltB^SCO 
SSfillC ^ E R 7 ^' ;P^^3S<b^l® IC*31/^T. fJEB+h > 
T'Jl'fflH. ^— tt'l?ffl (cus tomer) 7^— -5 C: t. 

'iiS<i:-r-5> E R 7-1' ji/^aigit^ss^^'tten^. 

[0 0 4 5] *%a^«S8©Sg41(Cctn«. mFlBmsc^ 
^g«|lcJ:-5 E R 7^- ;P:S'giiS^kil®t4ol,iT. flillB^/l 
mItBER7^-;i'5'CD*-y h:t7;^i!£gC/'?5 
-i7T-S)-5 Z. t Srltrnt-r^ E R 7-f ^U^-SjiftK® 

[0 0 4 6] *fgiy^©^9CDSiti(Cj;n«. tB1gKS<7) 



( 7 

II 

(H©-lf n$:WT-5ER (^{tSff : equal izat ion and r 
eceive) y ^ JV^t:mM^tT^fzeb<DysiHzis\,'>T. mi 

T-v-fii^ mll2l2iSS^B*^effiS:<@MfliC!)-y->>^>»mt 

^S/Mt:-r-5X5^->yt. HtsB;<J-y ^:^-7M^^i-- 
>y(^uning)l|^Jit^cSg|■r^y^5^•;/:7'<i:. wjmy^)i'^ 
■iiamco^^=&y^)l:$'-\funi£lz^i^-r^y.'ryZf 

7^ y i: ^-^t; :i i: i&I^^Sfr S E R 7 ^' il/:? gjg-fb:^ 
[0 0 4 7] *^BJ09||1 Oc?5^,«ltCj;n«, 20 

:x-->ifnm.xti^i=-izmm-^n^fi i wnstsss^ 
^-(DmKm2(Dnmi^'=Fizmm-^nrcf^3(Dmi^m^ 

>c^mmp^ij^'f-iim$ims£tiit]^^nzmf^^tirzm 

atching) h^yi^X:?' tt:mz.tzCii>S:^Wltt^^m 

[0 0 4 8] i^^m<Dm 1 1 (D^mziiix^s.. suib® i 

xij^'^\z\iWi-&ntzV^2(DU'm^=^t. mtiminti 
u > h 5 ^-otfiHe^ 4 cDHfiitss^ irssE^nTtm 3 o 

=f-\ztfkm.-^ntz.w.4(DmmM=?-h^^-r^f^2o:)V7y 4o 

<^«j^,SflBTtt. m^mE.xfiia'7-t.mtif^2(Dijuyh 
^z'-<Dmt^w,A(Dmm.^'i-t\z, mvs.m2(Dhyyi^ 

[0 0 4 91 :^^m<D^ 1 2 wSifiiiCckntf . mwm 1 

0©,^ti(CJ;^Sg/m/Iffli^IeIS§lcjDUT. huIBS^ 
K7>->*7.:S'{i. MOS FETT*-5C:i*!f#'(afr-2> 

[0 0 5 0] *%i(!<Dig 1 3 nmM\z^t\i,t, ftnga^ 1 50 
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1 «7)@.t$lC<i:-5?ajS/mHffi<KlElg8lC*itiT. Ii5ge|g2 

[0 0 5 1 ] c:<Dj;^ic*5eB^(cj;n«. .iBig^^aco^ 

tfciL.->X7^Ac7)ER7w'JU^';5^Sii{k^n-5. iffi#r. gg 
[tS^^«. iSmT'-<;^i7 K5-1'7'T^)^*^. dWflj^tiiL 

^, ER7^Jl/:$'(i. Xtl{t^^mi\:VX. SOSMICH 

oT. ERy ^ )V'5'(r>m.m^t\i. ^m.m^co^'&t.tmit 
;ni tsSfi t cDF^iro^Hfi^ftwr ^) :i t {c<t 0 jifiK 

«^^lC*JliTt). i^M{a€g/hi:r-5J;otC, ER7 

oi-^y/Mzm-^xnts-i,^. z.ncb-^y:f)\'(nw-i^—^ 
[0 0 5 2] ?immmzii\^^x\t., m./•^y:^—5'\i. =f- 

[0 0 5 3]. ER7-i';U^<&JgB)cr^>ciie)ICfflU^,n-5 

^it-r^o MX^wmt. ERy ^ jii$'<Dmmit^m-f 

[0 0 5 4] faffi/mffffi{«iHiss<D 1 mit, ^jL--y 

As'j^n-s. mi©;'3U> i-5 5-<D^2 wmatiss^ 
ti. ^260^3 1/> hs 5-ro^3comsitjffi^;rtggs$n 

Tti^o S2©*U'>h57— 0^4(DmSit5ffil=^li, A 
T A-'f 7 X n^S^ S 7 > ->*X (D^ 1 

ifg^tt. f^i<Dt}i^yhs.y-<Dmi<D^^{zmm^ti 

[0 0 5 5] <»^e<]lCtt. S^h^>>?X^«. ER7 
^ ^ « e ^ h 7 > v'X 5' CD/N--f 7 X (C^-g-r •5 
JzplCAW 7X^fn-5. *U>h5 7-tt. ^^h7> 
vX^$:Jii§-r-5?3.-->i7'mSS$:?$«'J-r-5. 
T. h^>v^X5'W$i|il|5S^(73mffiti. g^K5> 

vX C05^ I! - n > ymoitlC^? L ti®Sit^@iift-r ^ /tesj) 

iziH-mrj-mR^z^tx^, LtzA^-DX, m-^h^yi^y.^ 



( 8 ) 
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14 



[0 0 5 6] 



[0 0 5 7] gB»f&§{f^i&5fefi5cr-57t*lCfflVien-5 

ERy ■< ji^^i,t, m-cDmrnmr^^iy -r ji^ffx-s^^. er 

[0 0 5 8] 
[g5:4] 



z z. 



n (s -p ) 

I 0 

n-1 



H (s> - 



7w';u^fe5iMi^[<7)<iTfe^o H (s) {t. N'Ai&my 
[0 0 5 9] ^{aiESS^ir#^{S^-r^^:, N:;i5^{£^:7^ 20 

n^o mwc±.(DW^^m'p^'^^fz^\z. ^^y^)v 



(4) 



[0 0 6 0] ClCD]^31^ffii.^^C:^tCj;f9, EPR4gB 
^JS^^%^^it^;^c66cD E R :7 ^ c^^;^^ 0 ^ 

*f ffl JS^ <^ Oig;^ >^ >fU ^ t) ^ ;t >S ^ 

[0 0 6 1] 
[^5] 



P CO -1/ [ ( 



— >'^^6 C V 



)''+d C:^ 



d, tiK^nos^T$»^o ^ (5) (r>^m 

ik<D^^^'Z^mh-r^. ^ (4) &z>'p (s) \zm^. 
ERy^ )v^<Dm.m'BLU&mi\:\zi^n^?^m\t. socd 

[0 0 6 2] Z. . Z. „, . Z c COj^iift 
ER'7^;U^/'^^/-^c7)®ii§ll:tl, 2OC0^-HT^ 



(5> 



[0 0 6 3] EI4ti. *:%?q(7)l||JE0iJ^ffll:»;tEPR 
MLg?tfciL->X5^Ac^yD ':/i:7iaT&^o EPRML^ 
\tii.z^7.v-J^\^. m^y'-C 7.^ \^^-(:/zy7.^A\zmm 
^[Z\t [ideal I y] aSbT^^^o ^EtBL^^^' K 4 

g§ (VGA) 4 0 5C0A:^$S^H§ttie>n^. pj^fij 
nm^S§4 0 5(Dthtl^^4 0 6±(7)VGAttl:^{f-^ 

itt. mity^m (er) >'^';ui$'yD'>^74 i otzis^ 

n^o ERy >()V^-:fUy ^ A 1 0\'^. nMit^'=f-4i2 

±.\zmi\:\t^^^f^r^o it>y;uT>h':t^-;uHiE]K 
(s/H) 4 1 5^i. •t^>y;^7> K5t^-;uKiiiss-4 1 

5CDA:^ffl^4 1 4±CD^{bfi^^^1t>yj >^L.T. 
'>rL=3>/tl/-^4 2 OI'^LT, ^^ff^^-tf 
50 >yjU7> K:1^-JUK[HlSfS4 1 5 4 1 6 ±IZ 



( 9 ) 

15 

:^□^x>^5';^^g^^§ (ado 4 2 5 iCct-r^x'^^^ 

n, 7:fD^xv^;U'^-^§§4 2 5c7)tb^5S^4 2 6± 

)\^mitm^\t. ^fz. y (kT) tLXh^^n^b. 
bo "fi^^Ji^mitm^y (kT) {t. 7^;i/^fiii>fb:/ 

ay^ 4 3 3^7)tB:^;i§g•?4 3 4 ±\ZY.Ry ^ )V^ZfUy 
4 1 0\zti-rby ^ JV^WMit/^^ y^-^^^A.bfz 

. T$.^o b:^e^ttlgg4 9 5^i, ^iP^)Vm 
{tit -^^:i—tf 7^-37 (c^^-r^fe^lCi£:>SfcCS:tS^ 

[0 0 6 4] yi-u^mnm%^uy^ 4ZQ. m%)i 
-:fy^)u^49o. ^z^^jimmm%\si^4 5 0. x 

v^'^^^l/^iJtt K^^;/ + >^[H]gS4 5 5, "ri^i^ JIT-Ta ^ 
l?^g§4 6 5, •r>^^;Uy:^D//^^gg4 7 OtS, eiij 

mzmmi^xihtit^^ 4 o 6±c7)VGAtBt^fi-^(7)jgi|is 20 
^m&<Du^)u\zmm-r^o smwi^ji-ycot^i^^^ 

^\Z'tbrz^<D:)jm. tkWi\t. Sh l n-Mi n 

g Shih. James W. Rae. Richar 
d A. Contrera, Jenn — Gang Ch 
e r nib\Z^^^mm^^mmO 8/693587^ 

^^y:f)V'f'-is^^mmz^n:bT±u^^^z^^)v^^^ 

-3 7 12) ic^DV^TizB^^^nT^^o . z.n\t^m.h\^ 
x^mmm^\zm^xn^o 

[0 0 6 5] '7^>?^;^7:^D^^^gg4 4 0. 30 
37<5>y h^'y4^>y[HlK4 4 5, "fi^^JVT^U^ 
^^gs4 6 0, )V—'fy^)Vi^47S. irPtSHSifjlHl 

SS4 8 0. mj£mm^WL^4z ^^^mmm^^i^ 
^L, it>7';u7> H:}^-;uK[pigS4 1 b^mj^-mzm 

^ti'^^m\zKnbrz^\zm^^^rzW^^i7av^\z^m 
{.rzc^ay^^m^^x-^y-f^jyif-tbo itL^mmimm 
(Dmi^^^B\zrbrzisb(Dyj^. ihiss. t^m\t. sh i 

n— Ming Shih. Tzu— wang Pan, 
Jenn-Gang C h e r n 6 tCct;^*^#ifttl^ 40 

^08/695327-^ ymmmRzsw'^m?^'i^mo^ 

M 

c- (1/M) S [y (kT) -d (kT) ] 
k-1 

CCT, y (kT) {t. y±nCfy^z^i^Jl^m^4 2 5 

^^ibcDmi\:^>-yMMnxho. d (kT) Jtt. 

^±cogi*ax-5^ff ^a (kT) oKa]^^.EPR4^£;; 
.^sCD^T^-So mit-^y^MM^y (kT) ti, E R 

^;u37:/D.y 4 i 0(Dititit&^4 i 2 Jt(D^{bm^-7:;^ 
^^^^n-s;^*;), ^ibit>:?^;nf-^y (kT) {t. m. 50 
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itrz^>:/ji^'-i$^^^ ^ >^mB(Drzisb<DyjiiRzj^m 

igj (f-^HASaS-^M- 3 7 11) {Z:^l^xm^^ti 

Ti$o, cn\mmtLx^B^mm^\zm^Anb>. 
[0 0 6 6] :^^m(Dimmm\zio^^x\t. m4(Dm^ 

(DZfayC^Jtt. y >c JU^mmitZf ay {7 4 3 3^m\^^ 

X. z>Lr:>(Dmm\Bim±\zmm^nbo :i<Dmmm\zio 

l^TtJ. y^)l^^mmityayi7 4 3 3\tt. 

^ 1^ { C :fe C i T H ^ pj tg T ^ o 
[0 0 6 7] fJD^^b^-Kti. K&x-^ffi^a (k 
T) ^IB1tSS±{cSixtrc<h{cJ:orfl$&-r^o KSlx 
-t^m^a (kT) «ia^>^A'>-ir>XT;^cCtt 

ntfTi^Tii.^. immm\z^\^^x\:i,. y'-^m^a (k 
T) ti, 

[0 0 6 81 
[^2] 

^>^V^T^J5£$n^o ERy^J\^i$^/'^y;^'-^co, , Z 

a . Zb c^«DS!M^l, y ^ At}m^<D^^m<D:ty y 

ll4(C^-r<t-5?"ci:EPRMLg!mLi>X7"A[CJ:o 
^x-i^ii^a (kT) ti. IBltJ«^±C7)^^ h ^ /7 

[0 0 6 9] mSU. fflm^:-K4^tC, A^;:<-^co 

c . Za , Zb ^fflt^iTER:7w';u^^SiS{b-r'5>'>< 

)V^mmit^a yi; 4 3 3 (D—^^7B-r^U y ^ mX'S> 

ERy ^)\^^mM\\L(Dnm\t.. m^u-^omz^-ox 
M^^^ct^^x^^o m5(Dmmmiz:^\^^x\t. jsic 
y^z^^ jum^mm\zm'^mm^n^mn^^i^zimt^m 
(MMSE) smf)^. i^SMchLTfflt^^n^o {&oym 
mm\z:^\^^x\t. mmmtiyx. mmo:>m^m<DW-i^m 
^m\^^x^^bo 

[0 0 7 0] ^mzz^w^^ (MSE) ittTtmeiz^o 

[0 0 7 1 ] 

me] 



X. Z„ , Z. , cu. CDfl^^^b$1t^i, ¥l^-ff^ll^ 

[0 0 7 2 ] 0 5H*3liT, ISt^iy'-^m^a (kT) 
tS, EPR45g^g§5 1 OlIctoT. EPR4ft^d 

(kT) \z^^^n^o EPR45e^gg5 1 oti, ±m 
osc^ (3) ^^fTf^o jun^^gs 2 o\t. mnms 2 



( 

17 

OWA^bSIS^S 2 2 J:0^{tt)->y;Ki^y (kT) 
^ImWSs 5 2 0 a^Xt)^^ 5 2 1 ±(D^^mmE P R 4 
m^d (kT) ^i^SUT. iD^g§5 2 OcDttJ^JiS^ 5 
2 3±l,zmmmne (kX) ^rStBg-r^o -*S?^Ss5 
6 0«. t^mm^e (kT) i&-^bT^ff-«S§§5 7 

o{c#^-5. •&thj^p:s§ 5 7 0 =.fk^nrz.mmm^ 

^H-S^-r-So /'^^>^-^'X:^-v:f-5 9 0«, A:':SS^5 
9 2±»C¥i^-S^^<&§tti:So ftiJW^^tt. $iJWA 
tim'J-S 9 ^X^-v:^5 9 0 1'-^^ en 

S-r^. A^^-^'Wc OMSffltifBtt^? 5 3 0 tC. 
^Z. ©fr^filfitati^^S 4 Old, z'^^';*- 

^'Zb <D»f«M«iEtg*^ 5 5 oiz, ^n^enmih^n 

4 1 OlCiien^. /\-F';7x7-C®|^3^(Ci5l.iT«. 
IBtft^^ 5 3 0. IHIS^^ 5 4 0. ISttm^ 5 5 0 «. 

[0 0 7 3] y^)i'iS'mmif:ra-yi7 4 3 3(Dimm\z 

^^ft/Mc-r^fc«e)!c«3g^t$n, z. s.lkz, t±«!j«s 
msffli'^iJt^nTu^^. o^^ic, z. A:^jss^5 
9 2±<D¥J^-^iail^&S'JNt;:-r-5fciitcgjii{b$n. 

Wo 'Rzsz^ ii-^imzmn^tiT^. mmz. z 

» *^ A;':^^ 5 9 2±W^l^-S^M<£g/MC-r^fc 

ii^bti. A^^-iS'CDmsr. -^mtim.&(DTmmi,zm^ 

7^-vytC*5ViT. iKSffl*fh»r^. S'h^^tt^r^^ 
r -5 /t ^ ;^ - iS' Ofi^J^SSfii t L Til^ ^ n S . 

[0 0 7 4] y^)i^i'mmiffoyi7 4 3 3com(DmM 

iCtJ^iTlS. /^5>^-:5'X=^^-v:^5 9 0«. 

x4^-\':j-5 9 ott, I'tbm'^-^nrz^m.co/^^ 

Kro^#tt, y=--$'V'-hrs.E(Dy7i'^-\zm-:3^^rz^ 
^yjiUz^-z'T^m^n^. 

[0 0 7 5] m6\t. Zu =Z. tig^Lfc^^W, L 
o r e n t z i a n ^+ ^t-Jb-t^-'KDfCOUT, Z„ S, 
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TV^-5o ZZT\ MSEtt. Z„ SlJ/w, COifllMigcTfe 
^. Z» Ry^o;, (DSilMtt, ¥*£|-®i«ia*^'ffi/h<i:;:£ 

*^iltf?L. S/h¥t^-3}||!5a7iijiB)c$n-5S-rZ., S. 
[0 0 7 6] h^-y4^>y^-h't%)Pf«n-2)B21g^S 

20 [0 0 7 7] 07 tt, h'7y^>^'^-}^'PiZ. ERy 
■^JU^ny (Oc . Z. . Zb ^ g jg-fbf -5 fci*® 

7^;i^:5'g®{t;yu->i7 4 3 3 0-gE^^-r>'*n-yi7|g 
T$>^. ER7^';i/^'S5i{b©r>gstt. tt^i^t^MM® 
m^^m'hi,zm^^zt\zj:-:>rmik-r^ ::t^^-z-^ 

-So ia7©^,#(C*5i/iT«. ft/h¥±^— (MMS 
E) aipd^SD^ffll'^enSo L7!)''L;i*5S. hyy^> 
i^'t-KT-tt. IJ^x-^'fl^a (kT) ®«;^5 0(C?iJ 

ffl^x-^S:ffiffl-r^^«e>. m-§-d (kT) coit^i^^ 

30 tc, fi^d (kT) *^Ji^EPR4J*;¥<i:LT*fi)c$n 

[0 0 7 8] 12 7 (c^-rj:-5i'. mit'^yzfjm^y 

(kT) (i, It^ E P R 4 f&^m ^ d (kT) ^s\Wt 
^rzet>\Z, EPR4}i€ls7 1 OlCj;-pTffltii=>n^. 
Hl-^. &T'-^'t>->7';i'y (nT) it, at)>av^giffi.E 
PR4{i#fiSlC5tli*e>n-5. 31^.EPR4fi-^Mtt. - 
2, -1. 0. 1, 2T*-5. iDmil7 2 0«. «SE 
PR4m^d (kT) mit-^yfM^ny (kT) 
75^e.®»bT. l^Mm^e (kT) -fggj 
40 »ig7 3 0«, i^Sd^e (kT) ^r-^LT, -^a+SI 

»gg7 4 o;c-^A.-5. -^n-iit^gi 7 4 0 -m^nfe 

fIliSM2:at»r^. I21t^^^ 7 5 0 t±. M-9->7'U >i5' 
^g57 6 0(i. M'f >^-A';ur<»:tC^i£l-a€iSMWS^ 

[0 0 7 9] /t7;i-^'M5?rS§7 7 0(i. ilffiro^i^a^ 



( II ) 
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coc [ (n+1) ] , Z. [ (n+1) T] . Z,. 

[ (n+1) T] T^^n^sm$nfc/i^^-^ts, 

(n+l) T{c4Stt^Sig{b/^^/-^^S)b*^L 

[ (n + l) T] 



[0 0 8 0] 



^, [nT] - Aoj^ C (n + 1) T] * 
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:8, S:9(cJ:oTig^tH$n^o 



Ig^ (nT) [(n-l)T]] 



Aw (nT) 
c 



(7) 



[0 0 8 1] 



10 [^8] 
[(n + l)T]-Zg tnT] -AZ^ [(n + DTl* 



(nT) -f ^ I(n-1)T]3 

A2^ (nT) 
a 



(8) 



[0 0 8 2] 



[ (n + l) T} -Z. InT] -AZ, 
b b 



[3^9] 
f (n + 1) T] * 



Le^ (nT) -e^ {(n-l)T]] 
AZ^ (fiT) 



C9) 



CCT% £m (nT) {t. mmnT\Zid{f^^i^=imm 
m-TS^O. Acoc (nT) \t. mmnTiZ:hffi^cOc \Z 
^JT^T^T^^^y+h^XM^K^CDffiTSD, AZ. (n 
T) ti. B#rBlnT(C^3frj-^Za (C^f-T-SX^ ^-t^-Y X* 
M*fM^CDiBTSO, AZb (nT) ti. P#rp^nT{r43 



30 



[0 0 8 3] ^^mmH<Dmm\z:hi^T\t. mmssi i 

OtiTIBJgCl 0, 3gcl 1, i5:l 2 ^flBl'>TafP/^^;?(- 
[0 0 8 4] 
[^10] 



[ (n + l) T] -w^ [nT] - [Aw^ [ (n + l) T] ♦ 



sign Ce„ (nT) C(n-l) T33*sUn (Aa>^ (nT))l 

(10) 



[0 0 8 5] 



[ Cn + l > T] «2 [nT] - [AZ 
a a 



[SCI 1] 
[ (n + 1) T] * 



slRn Ccj^ (nT) -f^ [(n-1) T33*»lgn (AZ^ (nT))] 

(11) 



[0 0 8 6] 



[ (n + l) T] -Zjj [nT] - [AZ^^ 



[ (n + l) T] * 



sign [Cj^ (nT) -c^ [(n-1) T]]*slgn (AZjj (nT))] 

(12) 



CdT, Sign (x) ti. WTOcte^tC^g^n-S. 
[0087] y.>^U^\i. sign (x) =1 
y^^^U^^t. s ign (x) = 0 
x<0;^cC^>tf, sign (x) =- i 



tSig^5 4 0(c, /t^Z-^'Z. (^rrAc;^cCfiitigBtS^^ 



h^^y^>i:/^- K(7)Pp'], ER >^^;i.^<^ijy;U5^^A 50 5 5 Oil. ^tl-^'nSiiSn^o ^LT. »T>c/cCSiSfk 
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-So 

[0 0 8 8] ~'B^m^^^:^-i^'ty by)^ik^-^n^ 

[0 0 8 9] msit. ERy^jii^yoy^Aiocom 

mUy'Oy^mX-^^o ERy^ JUi^Smt. GmC>^ 10 
^)l^810. GmC >^>f jl/^8 2 0. GmCy^Jl^ 
8 3 0, GmC:7^;i/^ 8 4 0 iCct^TJ^^^nxt^ 

y^ titMmE^<D=^^^/^i^^^^{^'Z\^^^o ERy^)\. 

StU, ERy ^ )V^(D'iiu\'^^ l-ZXOGm^Uy^ t 

^'^(OWMiZ:h\^^T\t. iLCitmt'C^^/^-y^^i^^'t- 
^:it^^X^^o m8(DmM\z^\.^T{t. ERy^)V9 

'^/^ti, A-<7XlpIgS8 5 5 7&^^,^iat-HmiEVCM 

^-^^bn^o ^^tc, ER y'^ji/^ coster li^n-S 
mcy ^ )v^'^uy^u^n^ri. '^u<D^m.^umT 

[0 0 9 0] ERy ^ )l^-/Uy^ A 1 OOXti^TA 
0 6 (Igl5S:I/|II8) ti, yUT>y8 0 5COA:^iS3^ 

8 0 1 {ctg^^nxvi-So yuy>y8 0 5ti. a:^^^ 
^4 0 6±(::^;^^,n;^cVGAm:^fi^<£^^{ctiitJi 
7'l/7>y8 0 5cDai:^;Sg^8 0 64dJ:IX8 0 7 
tC, lli(itti:^m/E{I-^^-^x.^o GmCy^)V^S 1 0 

ts. m;^$ST8 0 6f'tgsg$nfcA;^jg^8 1 i&2>'m 

:^5S^8 0 7 lCtS;Bg$nfcA:t^5S^8 l 2 ^^LTl^ 

GmC7^;i/^ 8 1 Oti, SfSjt^Gmyn ^7 5:^ 40 

^y^tS. /W77.IHIS&8 5 ST&^b^^iffi^:- KmEEVCM 
^•^^e»n'5o $^tC, GmC7^;U;57 8 1 OOS?J[JCD 
4<@C7)Gin7^D'y^ti, faS/mEEJffifSlHlSgS 7 O;0^e> 
v'WTXtgfiE^^ffT^o GmC:7^>iU^ 8 1 Oc7)^?jrj 

<^Am<DGm':fuyC^\t. ERy ^ )i^9o:>2m(Dm^U 

^Tz^lzm^-^^n^GmCy )\^^ 8 1 OCO^ScOGm 
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[0 0 9 1 ] GmC v'^^U^' 8 2 0 ^>*fc, 5(l<DGm 

GmC7^;i/5'8 2 0C0A;^5g^ 8 2 Ui. GmC>^^ 
JUiS^8 1.0OtB:^ffi^8 1 3lcS)gg$nTli-2)o GmC 
^^f jU^ 8 2 0CDA:^5S^8 2 2ti, GmC>^^;U^8 

1 0Om;b5S^8 1 4ICjg^$nT^^-5o GmC77^;i/ 
^ 8 2 OcDGmyp-z^tt, Gm C 8 2 0 c?:>^ 
S(DGm':/Uy{7ti^'Ti>^)\^T'ruif^^^8 8 0 (Cct 
oT$ija$n^::<*:^^l^T. GmC7><;i.^' 8 l O 

mmzmf^-^nx\^^^o x^rz.ti^'DX. Gmcy ^ % 

2 0(D^Gm'^Uy^\t^ /X-f 77.IHIS&8 5 St^i^^,^® 
^- KamvCM^-^A^n-So GmCy^^JU^8 2 0 
<Z)S?ZI<^4{@(7)Gmyp>y iJ7ti, ER:7^;I/^(7:)2<1(7) 
S^$imr^7t*(CS^/«JEffl^[Hl5§8 7 0;:>^^)/W 

yxmjEVb i a , ^-^Aen^o y ^ 8 2 o<Dm 

S(DGm':ruy^\t. ERy ^ (D^ 2 (D^Mu^UM 

[0 0 9 2] ERy ^ )v^o:>2m<Dm'^um-r^rz^\z 

m^^^^n^GraCy ^ S 3 0\t. Am<DGm':fUy 
^ h2m<D^^^WLm<D^^n^^^^^/vX^^^. GmC 
y ^ 8 Q<DXtim'?-8 3 GmC:7-r;i/^8 

2 0cDai:fj^^8 2 3tz|g;gg$tlTli-5o GmC^'^JU 
^ 8 3 0COA^?5g^ 8 3 2ti. Gm C :7 ^ 8 2 0 CO 

^tim'T-8 2 A\zmm-^nx^^^. Gmcy^jvi^sz 

OcD^GmyP-y^tS. /\*<yXlElSS8 5 5 7:i^^>^tii^ 
— Km/EVCMi^#Abtl'5o GmC:7^;i/37 8 3 0 £50 
GmyD>y^ti, E R ^ 2 <®CO<l^©Jiai 

-r^rzlsb\Z. taS/mjE««[ElSS8 7 GT^^^/Wyx^ 

[0 0 9 3] ERy'-^Jl/^^cD lf@<Z):S^ffl|g-r'2);tde>tC 
fflVien^GmC7^;i/5' 8 4 Oti, 2{@£^)GmyD^>r 
i^^ch l<HOt¥3felS:ti-co^-v/^~>^<&^/uTV^^o GmC 
^'^rJl/^S 4 0(7)A:^5gT8 4 Its, GmCy ^ 8 

3 0CDai:^5g^8 3 3{C«jgg$nT^^^o GmCr?^;!. 
iJ' 8 4 0OA::^)ffi^8 4 2ti, GmC>^^;i/^8 3 CCD 
tti:^iS^8 3 4(ctSigg$nTVi^o GmCy^Jl^SA 
OO^&Gmzrayi;^^. /WZJ^IeISSS 5 5?5»^e,^^a^ 
" H^JEVCM^#Aen^o GmC:7^;U^ 8 4 Geo 

Gm:;^p^;/^ti, ER >'-<;i/^co if®c7)<i^$)jp 

[0 0 9 4] ^^3t5iglt<^a:l:^ti*igg8 5 Oti. GmC:7 
8 4 0(^tfcl:^5S^8 4 3 {Cj^^$n/!:A:^5g^ 8 
5 1<hGmC>^^;U^84 0 c?D£ti:^ffl-? 8 4 4 
nxt^^A^^^S^S 5 2 <i:^^^T^.i^, ffl;^?t@'l>S§§ 8 
5 0<7)£ii;'j5S^8 5 3tS, E Ry >( JU^ zfu y 4 1 0 
(Dlhtlti^^A 1 2iCj^^$nTli-&o ^Ibff-^ti, d!it} 

m^ms 5 oiCctoT, ai:^i58^8 5 3±ic-^Ae,n 

[0 0 9 5] AW7XIEIK8 5 Sift. thtJi^^S 5 6± 
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mt. ^GmZfa^y^lzmm-^tl. ^niZ^O. &Gm 

-Km/EvcMti. ^fz. i^mymj£mm\Ei^s 7 oiz 
jz-oxmrn-^n^o ^tii^- Kmrnti, ait, mmm& 

HBEvcMt^, mmmf£t^ih\z^it'r^o m^i^i. i ' 

yWTX[pIS&8 5 5tS. fUft^{l:^tiffiL;C£l.i/t 10 
[0 0 9 6] ±j7KL;tck-5tl. E R 7 S-idcd 

izj:-oT<D?^mW'^n^o —:f5. n^y^^—^z, msn 

^^M§§8 6 OtCJ;-:?T, A^SS^ 8 6 1 Jil^^ff $n 

^n^o n^'^-^o), ti, 7'v^;uy^Di/^M§§8 

6 0O£tl:^ffl^8 6 2±CDZ:^D//^zL-->^mSit I 
tunc tc^^^n^o *^B^c^t/i<'::?;&^<7)^.;^fc*5V^ 

iHliigS 7 Ofri. ?^S/m/Effi^lHlFS8 7 OC^A^i^^S 

8 7 0 COAtl^^ 8 7 2 ±(D^^il^- H^JE V C 
M^ffiV^T, S^/mjEfflMlHlSS8 7 0cOffi:^iS^8 7 30 

^^gg8 9 Otlct-pTffil/i^n^^^c*. 5='>^5';^7:^D 
y^^g^§§8 9 Oc7)A:;':;iS^8 9 Ui, faS/mEEffifiSIsl 
SS8 7 Oc7)A;^j5flg^8 7 SlCtg^^nSo [H|4^t'. x'>* 
i?';U7:^D^^^^g§8 8 OOQA^^i^^S 8 Its. fiS/ 40 
m/EfflfSlHlSS8 7 0(7)£ti;^7^g^ 8 7 SlCjgJgJ^n. T^f/ 

:$^;i.z^D//^^^§§8 8 0 tcy\'-ryxmJEv, , . . ^ 

[0 0 9 7] x>^^;U7:t-D/7*^^^8 9 Oti, 7=^^:$^ 
Jl^T-ra^^^^S 9 OcoA^^jiffi-^S 9 2±CDiia/t^ 
;^-:^Z. Sr. y'zyi^JUT^aCf^msS 9 OCOthtll^ 
^ 8 9 3±CD^ 1 cD7^;u^-trP/W7xQfl:tc^M*r 
-So m 1 cD^-r >il/^-t:n/\'<7Xm/£(S, ER^'^JU^ 

:^Dy^^^g§8 8 Oti. "Ti^i^Ji^T-rnCf^mBS 8 0 50 
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CDA:'J^^8 8 2±(7)-tlD/t^;<-^ Z, ^, v^f>'^;u 
7•:^-□^^^j^g§8 8 0CO£fl;^jSg-?-8 8 3±c7)Sl2c7)7^ 

/NW77.^EEtS. ER7^;U^F^3(D{l!iO-tf D^if^^T 
•So X>^:^;P7-:HDiJf^^gg8 6 0 ilHJt^tC, X>^:5';i/ 
7::hDi/^^gg8 8 0 SZ^xf/^' JU7:hD ^'S^^gg 8 9 

o^i, fiE^tsri^ffl^^T. i^mRumiMmf£(D^it\zm 
mLu^^^^\zmnfi^n^. 

[0 0 9 8] m9\t. :^^m<Dimm\Z^^GTnCy^ 

mC7^;U^8 1 0 CD^ 1 OGmyn i7 8 10-1 

lffi4^irA>-:$' 9 1 0 i:. Cm C 7 ^ JUrJ' 8 1 0 CO 
^2CDGmyD-yi7 8 10-2 ii^^bTl/i-So ^ 1 CO 
Gmzfay^8 1 0-l<Dmmmt. ^KDOm^zi^y 
^8 1 0-2<h|wI— TS^fc*, mi(DGm:/a^y^ S 
1 0 ~ l\ZrD\.^X<D^mmizm^^o ^Gmy*ay^ 

[0 0 9 9] Hi cOGmyn^^^ 8 1 0 - 1 fl. K 
^9 2 0 ^y--JUSi9 3 Olzmi-^nXl^^^o 

lE(DmMmJ£Vc c th^>i^y.^ 9 6 OcomiCD 

nMm^9 6 1 L(Dmi.zmm^nrzmmm^M9 30^ 
^^T^/i^o msft^tj&ii 9 3 0 ts. miE>'\W7xiHiss9 

5 oizjz-Dxmm'^n^o h^>>^x37 9 e oo^j^s 

^9 6 2fi, Hl(DA;^§JE5Sg^9 2 Itct^gg^nxi^ 
h^>i>7.i^ 9 6 0<Dm2CDm^.tmT9 6 3{t. h 
^>vX^ 9 7 0C0H2comJ[iS^9 7 3 ^-;i/gB 
9 3 OP^COv^-JUhyyzyX^ 9 8 0 (Dm 1 (DMm^l^ 
9 8 1 {'Jg^^nXli^o h^>zyX^ 9 7 OCDMmt^ 

T9 7 2\t. m2(Dmj£xio^T9 2 2iztm^nxi^ 

h^>>^X5' 9 7 0(7)^1 OSrlST-9 7 1 tS, m 
Tl^^^o mSft«$&zE9 4 Oti. mEE/N*-r77.IlISS9 5 0 

^zjz-oxmm^n^. h^>i^y.^ 9 e o<Dmi<Dmm 

SS^ 9 6 1 coffiEE mSit«jS&z!g 9 3 0 ^rjftn-S 

llgfiS:i^gi7-r'5C:^('cJ:0, mJE/NW 77.lH]gS9 5 0 

ji-oxmm^n^o mm\z. mjiA'-r7;^iHis&9 5 o 
0. h^>z^xi^ 9 7 o(Dmi0mM^^9 7 i±(Dm 

S&9 5 OtS, II/E/W77.IHIS&9 5 0<DA::^iffl^ 9 5 1 
±0*il^-K«EEVCMlCckoT$i)?gi$n'5o 
h ^ > >^7. 9 8 0 (D$(JiBli^^ 9 8 2 t^rSS/HEE^ffi^ 
lHlSg8 7 0COA'<7;^m/EV. . , , ai:/3«^8 7 3 

(E18) iCjfSg^riTl/i^o -T^-;!^ h^>vX:$' 9 8 0 
cDH2comaSiSS^ 9 8 3^i. t^ltt^tXTl'^-So Gmzfa 
y^<Dttitiitt. h^>x:^^ 9 6 ocomi coma^S-? 9 

6 1 {Ctgg£^nTl^^^lomrjSj±l::^^iSi^9 2 3<h, H 

^>i^7s^ 9 7 o<Dm 1 (DmmMi^9 7 1 (ct^^^nx 

li^m2(D^j5fc£±l:^a^ 9 2 4(m«^n-5o 
[0 1 0 0] IiI9c7)Si^{l:feliTtS, h^>>-'X^9 6 
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1 cDHMs^ 9 6 1 (s. n m2oym 

^-XS^^T*^. |Hl^(;, ^ 1 (Dtlilgvffi^ 9 7 1 
^lU-i/^SS^^T^^O^ ^ 2 comaiiS^ 9 7 3 fj. X 
5 y^iS^TabO, mmS^'f- 9 7 2 it, ^-7.?^^T* 
•5. 0 9(35,^^(c*jt,iT«. T— Jl'h^>>JX^ 9 8 0 ' 
tt, MOSFETT^O. LAc7!»<oT> ^ 1 ©milSftg^ 
9 8 1 tt. K K >SSg^ 0.^2 CO«jlij^^ 983 
«. tt^ilF-^^T'* 0 , *JffliS^9 8 2(i. -/-hJ^^ 10 

)l'^(Dmt, H. Ta n i mo t o. M. Ko y am 
a. Y. Yo s h i d a r^ggr^C5x= 

(IEEE J. Solid-state Cir 
cuits,Vol. SC-26. No. 7. 937- 
9 4 5H. 199 1^7^) lClii;e,nT*5 0. *BJ*ffl 
S*lC#fig<hLTffl*An.5, 20 
[0 10 1] 01 0(c, Gm-:rayi7^J:K)mmiz^. 
To lai OtCiJViT, K^>>?X:$'9 6 0 (0 9) it, 

mm±, H^>>'x^:/p<;/i7 9 6 0 a(;a^z5^Aen 

■5. BP"^. f"^>i^^^:/D-yi7 9 6 0 att. ■:/ny^ 
9 6 0 aF«g(C. h7>>'X^ 9 6 4 h5>v'*X:$'9 

6 5t. h^>z^7.^ 9 6 6 h7>>'X^ 9 6 7 i: 

isi^jc, h^>-:/7.^'9 7 0 (09) 

^«l±. h7>v'X^r'"Du/i7 9 7 0 atcM^A^A 
fip-^. H^>>'X^'9 7 0 aCO^D-yi^fj. 
□ 9 7 0 aF^fC. S^>>;x^9 7 4i:. h^>v 30 
;^^9 7 5 i:, h^>i^;^^ 9 7 6 h5>->'X^9 

7 7 irSr-g^A^Tli^), h 7>xX^ 9 8 0 «. 
^-t. H^>>'X^:rD-;/i7 9 8 0 alC®^*^;lf,n 
•5. fiP"^, h'p>iy7,^-yayi7 9 8 0 ait, h^>i> 
X^'9 8 4t. h^>-:^7.:J' 9 8 5 i^^A^Tti^. S 
1 ©m/EA^jSg^9 2 1 fCJ5Sg$tXfcfiiiJP^^$#-r-5 
l"^>>'^^' 9 6 8«. m/IA:'3«;t*<7)A->7r,>:L 

xmmr^, ^miz. m2a^m&xt>ta=?-9 2 2iz^m 

7 iil,xmm-t^. h^>v'7.^9 6 9«, h5>>?X 40 

^9 6 8 iz^r^mm k ^-r :/S;c;:/w TXEnja^ji^^ 

T-S. H 7>>'X^' 9 7 9tS >>7X:S' 9 7 

[0 10 2] ERy^)V^it, i£;gH (jw) ^^L. 

^z. Ra'z. ^i!t\^xmt-^^±^^tiz^K>. ±a;L 

l-7>->'X^ 9 6 0 (Ifet^li. K7>>;x:$'9 7 

0) (DO 1^^7:5' mmizmitmr^. ^mcmyayi^o) 

7 ;u h ^y-^T. s Miliar •5mfiftT'*^T—;P/W 7 50 
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X?agg I „ , ,, , it, H7>vX5' 9 6 0C0X5 
..in, ^ L'^':$'?lffi(C h5> vX:$' 9 6 OODa/'? 

> i^X ^ O a /•? 7 p< - ^ firaS,!: i: Izl^fb-r-STt*!), 
/WTXTliSS I , „ . ^^\^&tt^izm\L\.X\.^ 
■5. A'-fTX^SitJ. , „ , (r>\^^W.^*(kif'anz> — 
iS"v©tei^tt^ISf 0 < d t ic J: o Tfflffir^tX^ct^PS 
0. AWZX^gftU , , , ©rSaicJc^^ftti. ER 

[0 10 3] x->*^;i'T:hPi/^Mg§8 6 Qit^V'^)\y 
7:hDy^g|§i8 6 OlC-^Abtl^if^^CQwc iCjlLAc 

^^5^^-->//«^ifj I , „ „ ^ ^^fiE-r 

-^-LT. SS/HiEfflftlHiSg 8 7 0 ti. /\*-r7xa 

^^-->^^siti, „ „ e t.m\.<u:biio\zwm-t 

-5. bd^L^ic*?^,, a/'^^^-^ti. a^ti^jlcgg^k 
r^tztb, S«/mJEffl«IlIS§8 7 0«. a^ti^L;^!: 

[0 10 4] fie*tfifR(j, T'-:/^;^7:^□^7•^a§g©ct 
oti, um-mm.^^m^^w^^-t^fz^izm\^^z.t. 

5^->ySffi(7)®T-|f#iCZix l-©iSiiiDig§x>t-x?^xLS 
ERy^ J\.^lzmi^in^^^<Dy^—jl./^ 

-fTy^mm^mmT^izitmLT^'^tjii,^, a^/mjEffl 

MlHl8§8 7 0ti, ER7-(';P^07^-;|.>rN-<y;^||gg 

0(Di3it/uii<DmMizfd\.^x, ^oL-->i/mmi 

t u n c tt, ■7—JI' h 7 >>'X:$' 9 8 0 <t[nl— CD f- 7 > 

^etC. ^■&h7>>'X^OKU-f >V-Xl|/ifi. 7^ 
->'H-5>->-X:$'9 8 OcDKK >y-xmJEElCpTfig;i 

h-7>->-X:^rc)y- hy-X^fi. 5^-;H.^;^ 
>?X^9 8 0«y- hj§§^|c;fettS/WyxmffV 

[0 10 5] lai Ui. ^l<DGm:/D-yi7 8 1 1 - 1 

fzmm^ti^i^m/mmmm^^s ? o<Dm^msf=&7ik 

LTI/^S. ^^h7>>;x^ 1 0 1 OCOKU-f >Ssg^ 1 
0 1 1 tV-hJfS^l 0 1 2;5i*lcA;^SSg^8 7 1 iZt& 

m^tixi^^fztt), Aii^^s 7 1 ±a)^^-->^m 

ffil , u „ c- (i. S-&h7>vX:5' 1 0 1 0 <£rjffiia-r'5 
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ZtlZU^o K^>>^X^ 1 0 1 0(DKl/<>5ST- 1 0 
1 l±(DmE.\t. A:^jffii^8 7 2±c7)/\''f 7X?1/EV 

-juh^yi^x^ 9 8 0 tmm<Dhy>i^xi^mi.^m 

:yi>7.9 1 0 1 0(^y-XSg^ 1 0 1 3ti. 5^-;n-^ " 
>xX^ 9 8 0c7)y-Xi^^lCtgigg$nTl^-5rc*. S 
^VyyjT.^ \ 0 1 0 ^7^-;UK^>>?x^ 9 8 0 <7) 
y- H V-xm/EEVc s tillLlH Lfc;0^-:)T. 2 10 

7^— ^t- h ^ >v7.;$7 9 8 0 ^aigf -5 5^— ;UA*-r7 

xm»s I b i a , ti, s-g- K^>v7.^ 10 10 ^iiig 

[0. 1 0 6] Li^^bT^^T^t^. '7—)\/V=7yV7.^ 9 8 0 

FSB 9 2 OCT) >>^ 7:^.9 6 0'^h^>S^X^9 7 

0 (1^19) coja5fflJcomjEl^T^i^i;^ct><7)T^-5o 
>>?X:$' 9 6 0 VvyVT.^ 9 7 OT^^VN'-f^^-^ 20 
>v;^^T^^^'&. -T^— >'Uh^>vX^.9 8 0<^FI/ 

^bd. [HI lO^^tifri. h^>>^7.5'9 6 OcDa 
^^^MtL;^^^^ L.;t;J>^*-3T. H l 1 (T^Se^l^v-x-T^A 

[0 10 7] ^1 2ti, ?^«/m/Ea«[HlSS8 7 0<7)SiJ 
<^«£*0iJ^^L, ^1 lcoffi^ictOfe5^zL-->^®fiit 

1 t u n c <i:7^-;UAW77.mSfE 1 1, . a s h^'^t^^ 30 
JfTfe^o A::b5SS^8 7 2ti, h^>>^X^ 1 1 1 OCO 
^-Xffl^l 1 1 1 iCt^gg^nT^^-Sfedi!), 
m/£VCMti. h^>>^;^5' 1 1 1 OO^-XS^ 1 1 

1 l±tCSD^^n^o V^^y^JT^^ \ 1 I'OOX^^y:?^ 
iffi^l 1 ^51^- Fm/EVCM7&^^ F^ 

>vX^l 1 1 Oco^-XX^ ^;/^||iEVR H 
m/EtZ^fcn^o K^>vX5' 1 1 1 07!;^h^>i/X5' 
9 6 0S.Z>'K^>>?X5' 9 7 0 (09) tC^-^LTli-S 
^i'&fCfrl. x^^y^Sgi^ 1 1 1 3cDmJEtJ, 
>>^Xi?'9 8 0OKU<>JS^CD®/E(c^Lx<;^cCt+ntf 40 

[0 10 8] F^>vX^ 1 1 1 Oc^X^*>.:$^i^^l 1 
1 3 ti, iS^m*Sgg- 112 0 C0IEOA:^5gi^ l 1 2 2 

l^^^nrui^o iS5^i§i|iSg§ 112 0 Of±J:/jS^ 1 1 2 
3t3:S^F^>>^X:$^ 1 1 3 0(Dy-h®^l 1 3 2 ir 

t^M^nx^^^o i??Wti*S§§l 1 2 0coacD$g^l 1 2 
Hi. e'&h^>>^X^ 1 1 3 OCOKU<>5S^1 1 3 

1 ict^^^nxi^^o K u-r >5g^ 1 1 3 ui, a^js 

^8 7 1 tCtSSg^n. ^^h^>>^X^ 1 1 3 Oc7)y- 
XJffi^l 1 3 3ti. mtlli^nxii^^^cd?:), Xm^^f-^l 50 
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^113 o^iiig$ii-en^o iggig^iggi 1 2 o<7)tii 

1 1 2 3;^^^,, m'^V'yy'JT.^ 1 13 0 co-fr- 
F5g^ 1 13 2, m.'^V^yyVT.^ 1 1 3 0cDFU-r> 
ffl^ 1 1 3 1 <&^T, ^^m^^ 112 0 (7)ft(^A*a 
^ 1 1 2 1 {cM^7^-FA-^;/i7iggS;^?^jg^^n^o :i 
c^7^-K/K^;//7^8§ICJ:0. ?^»ii«g§g 1 1 2 0 ti, 
iK^ii'lggg 112 0 <^ftcDA;^;iffi^ 1 l 2 l 

F^>i^X5' 1 1 1 OOOX^^y^'iSSTl 1 1 3IC 
4Dfrt^m/dE(c^Ui/iS?p:iii|isggi 1 2 0(7)iEc7)A:^$S^ 

1 1 2 2(^m/Eic^L< ±aiL)^cj;eitc, x^ 

v^^Tl 1 1 3lC4ott^mJEfi7=— ;i/h^>>^X^9 
8 0(7)Kl/^>iSS^{C:fetl^mffi(C^H.^o Lfc^O^r^ 
T. m.'^V^y^JT.^ \ 1 3 0<h5^-;i/h^>>?X5'9 
8 0<Z)FU'1'>y-XS/EVD s ti, ^Ul^o ^a.-x 
>^m»ft I t u n e tiS-g- h^>'>*X^ 113 0 ^ilig 
^-tten^fcie). ^'&F^>>^Xr$7 1 1 3 0(7)^- h$S 
^ 1 1 3 2 tC;fett^m/E^i^zL-x>/fmg£ I . u n . 

tm'^vvy'y'A^ 1 1 3 o^^iiiaLTStn-sci^h^nr 
tg^r^iiiE7S:VG s x^^o y-hiS^i 1 3 2ti, 

5^-;l'h^>>^X^ 9 8 Oc^y- F5S^fcft^^nxii 

^cDx. 7^-;bAW7xm«£i . u n . 5^zi-"X> 

^%M \ tunc ic^Ul/i. ±i£^L;tct 
o\Z. F^>>^X:$^ 9 6 OcDa^^tl, ^-;b/\*-ryx 

mCfS I , u n e ^^'5^:a-X>^fflgft I t u n c ^ « X^ 

(omu<^'7 ^'~Ynv'7)\^-^\X. tti:^S^8 7 3co:^ 

•\'Ai^^>X;^^:;t#t.^J®^fCH:^^^<h7S:-5o ER:7^ 

;i/:$^F^co^gfc<7)T-— ;i.h^>>?x^lcJ:0, 

7 3^1; :^^7jj:4^^/'?'>^>X^=itr^o b;^c;^^':?X, 

[0109] ^ 1 3 ffiffi/mEEfflffiriHiss s 7 0 

^T'jlSg^i^&^UXl^^o 5"zL'-X>i/|i8S I , unci 

'boA:^ffl^8 7 iti, ^i(^;^l/>h^^"i 2 3 0 
(^'m 1 <7)IISftffi^ 1 2 3-2 ICj^SK^nxi^-So S 1 
U>F5^-1 2 3 Ofri, t«liil$nfcmai5g^l 2 3 3 
^=&UXUi^o ^ 1 lx> F^^— 1 2 3 Oti. $6 
II. ^2CO;^3U>h^^-l 2 4 0(D^lc^mi5it5g^l 
2 4 2 (C«^^n;t^2 12 3 1 <£:^LXl^ 

^<,^^2c7);fj U'> h^^— 1 2 4 Oti. iEO^rSHEEV 
c c tCtg^^n/tma^iS^l 2 4 3<^^LXl/^'5o ^2 
CO;^ l/> F^ ^- 1 2 4 Oti. F^>vX^5^1 

2 1 oconi/^^iSg^i 2 1 \\z\m.'^rvtz.w.2(Dn.m 

12 4 1 ^^WLXl^-S^ 
[0 110] A:^Sflg^8 7 1 ti, ^^\z. tK::'7i^^8 7 
3RC/^'&h^>>^X^ 1 2 2 Ocoy-hiS-i^l 2 2 2 
tlt^^^nxt^^o U:l;^5gT8 7 3ti, J—)VVvyi> 
XrJ' 9 8 Ocoy- F^fg-TfCjgSE^nxii^o F^>>^X 
^ 1 2 2 0(^y-X5g^ 1 2 2 3 til^ife^ nxi^-S/t 
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y- hiSS^ 1 2 2 2«-T— ;Uh^>>^X^' 9 S 0<D 
y-hJSi^lCt^^^n. S^h5'>vX$' 1 2 2 OS:Z>' 
•T— >'Uh^>>^:^^ 9 8 Oti. [rI— c^y— hV— xmEE 

[0 1 1 1] A;^;)SS^ 8 7 2ti, h^>>^X5'l2lO 
(^^-XS^ 1 2 1 2ICtgigg$nTi/i^fc*. ^tiS^:- 

KmmvcMti. ^"Xis^i 2 1 2±[c][in^e>n^o 

h5'>fxX^ 1 2 1 OOX^^;/^)^^ 1 2 1 3(Ct3tt^ 

^il^- K^ffiVCMd^^, h^>>^X^ 1 2 1 10 



t^h^>i^7.^ 12 2 0 
c^KU-OiS^l 2 2 1 tCti^^nfcX^ -y^^^^ 1 2 

1 3 ±\zmn^mj£it. S'&h^>>^x^ 1 2 2 oco 

[0 112] ^^h^>vX^ 1 2 2 0S:ZJ*^7^";H-^ 
>>^X^'9 8 0fr^, (Wl-coy— hV-xmffiRZ/Kl/-f 

>y-xilJE^=tUTi/^^coT% ^-Jiz/N'-fyxmsft I 

. i . . ti, ^^h^>>^X:^7 1 2 2 O^iliaUTgftn 20 
^m»ftt::^bVio ^ii--x>^m§itl . u n e mi 
(^;^ U> K^^- 1 2 3 0 com lOmgftjSg^ 1 2 3 2{' 

sniityfej^. ^^-x>i^m^it u n o mio 

;^U>h^^-l 2 3 0 com 2 (T^mSft^Sg^ 1 2 3 l±fC 
^g^^n-SCmirrorecDo Lfc7^^'oT> ^^-x>i/mgt 
It u n e ^t. m2C0;^U'>ha^-l 2 4 0comi<O 
HSgiST 1 2 4 2 tCgSniityo 't(D^^. m2CDtlU> 
h^^— 1 2 4 0ti. m2C0;^lx'>h5^— 1 2 4 OCD 
m 2 COHSftig-? 1 2 4 l±fC5^zL-->^m§f£ I 
tunc ^r^t^-r-So L;^c7ii^*oT. h^>>^X:$'l 2 1 30 

I-^>vX;$' 1 2 1 OCOX^^^^Heitti. ^3.- 
X>^mS?tI tunc ^ h^>>^X5' 12 1 OOaTKs 
©UAciiTS^o L^cTi^oT. >^>vXi$^ 1 2 2 0" 
(?) &®®LTi5itn^a«[ti, 5^:x-x>i5^mzSt I 
t u n c ^ h^>>^X:$' 1 2 2 0 <D a-cmWi^Tzm-C^ 
7^-;W\W7X@dft I b . . . tl. Si'&h^>vX 

5^ 1 2 2 o^mmi^xmn^nmz^L<:^^in^rz 
ttf. 7^-;uA*'f 7xms5 u 1 « s ti. ^^-x>ym 

Sft I . u n c ^ K^>>^X5^ 12 2 OcDaT^g:LAcfi 40 
tZ^Ll^o >>^X:^ 1 2 2 0 ^ K^>>?X^' 9 6 0 

s\z. mi 3<Dmmiit. nm.\z{^. mti^^^s 7 sco^ 

V/V>^>X^t@JtJD$-t^^C<t:(CJ:0, 3cS{b^n^o 
[01 13] miC0;^U>h^^-123 0B!,lSm2<D 

ti\y>h^y- 1 2 4 0 a:)^i^W)U^mmm\t. m 1 (d 
mm^^Ru^m 2 (Dmrn^^^izm-^mm^m b t> 

(D-C^tiiti. ^{zm^X'^tU\.\ I^14ti. t}l^>h^ 
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8S8 7 OCO 1 ^4i^7KLTl.^>5o ^lzmi<Dt}\y> 
^— 1 2 3 0ti, NMOS h^>vX5' 1 3 3 0 cbNM 
OS hy>i>7.^ 1 3 4 0;:)^'E>t^J5£^rL^o NN40S h 
^>>?X5^ 1 3 3 0<oy- KSg^ 1 3 3 2ti. NMOS 

h^>>^x^ 1 3 4 0(7)y-hiS^i 3 4 2\zmm'^n 

X\^^^o NMOS h^>>-'X^' 1 3 3 OcoHUOiS'^ 
133 lt±, K^>v^X^' 1 3 3 0<3Dy- h5g? 1 3 3 

2tm2(Dmmxtit^i^i 2 3 iizim-^nxi^^^o n 

MOS h^>>^X^' 1 3 4 OcoHl/-f >i^^ 1 3 4 1 

{t. micommt^i^i 2 3 2\ztm^nx\^^^: nmo 

S h'^yi^T.^ 1 3 3 0 coy — XiSS^ 1 3 3 3RUNM 
OS h^>>?X^ 1 3 4 Ocoy-XSS^ 1 3 4 3^i. 

idi^nTi^^^maijSg^ 1233 izmm-^nxi^^o 

[0 114] m2(0:^U>h^^—l 2 4 Oti, PMO 
S h^>vX^' 1 3 1 0 PMOS h^>>^X^ 1 3 2 

o^^^mfS.'^nxi^^^o PMOS h^>>^x5' 1 3 1 0 

K K >i§g^ 1 3 1 1 RZSFUOS h^>>^X^ 1 3 
2 0 O K 1 3 2 1 ti. lEt^m^mm c 

JgM$nrcma^.^^l 2 4 3t::Jg^$nTV^^o PMO 
S K ^ >>^X^$^ 1 3 2 0 coy — XSa-? 1 3 2 3 ti, m 1 

omffitsg^ 1 2 4 2 (cjgigg^nTi/^^o y-xa^ 1 3 

1 3\^. m2 0m§Si^^ 1 2 4 1 PMOS K^>>^ 
X^ 1 3 1 OOy- hiS^ 1 3 1 2 PMOSh^> 
f/X^ 1 3 2 0 coy- h5g^ 1 3 2 2 tCtgi^^nTOi 

[0115] 0 1 5 (i. t^S/m/Eli«[Hlg& 8 7 0 cogij . 
cO^^t^^b, dClTti. m2CD;^l/>h^^"l 2 4 
0- 1 4ti:^X=F-K ^'^>vX^^a^iX^T. 
>h^^- 1240-1 4rtco h^>>?X^c^M;^J£}n 
^iSJp;^-e:Tt.i^o ;tixa-K K^>vX5^tc.tO. ^ 
2cO:^U'>Ha^-l 2 4 0- 1 4tCtl. /N'-fTXi^^ 

1 2 4 4 RLKm 2 coma^yS^ 1245 :^^ii^^^hi^^o m 

2<?D;^l/>l-^^-l 2 4 0 - 1 4 (DS*:6gfcJ:*8tgfri> 

m 1 (^^ffitffl^ 1 2 3 2 ±com85^. m 2 comSSffl^ 1 

2 4 1 <Dmm\zmL<T^:itx$>^o 

[0116] m2(0;^U'>h^^- 1240-14 tC43 
l/iTti. miC0m§S5S^l 2 4 2ti;^Xn-KPMOS 
h^>i>7.^ 1 4 5 0(Oy-X$S^ 1 4 5 3(Ctg^$n 
Tli^o *X3-KPMOS h^>>^X:$' 1 4 5 OCOK 
l/Oiffl^ 1 4 5 1 ti. PMOS h^>ixX^ 1 4 2 0 
(7)1 4 2 3 ICtgigc^nTl/i^o PMOS h^>>^X5' 1 

4 2 0 K U-f >5gT- 1 4 2 1 fri, IE<omaim V, , 

ictgs^^nTi/^^m 1 (ommi^i^ 1243 tct^^^^nx 
i^^o m2<Dnm^^ 1 2 4 n^, ^jxzi-kpmos 

H^>vX5' 1 4 3 0<Oy — X^g^ 1 4 3 3 PMO 

5 H^>vX5' 1 4 1 0<oy— h$g^ 1 4 1 2 <^:, PM 
OS h^>v^X^ 1 4 2 Ocoy- hiffi^l 4 2 2 {Z^m 
^nxt^^o ;^X=J- K PMOS h^>'>'Xi5' 1 4 3 0 
coy-7v5g^ 1 4 3 Hi. PMOS h^>v^X.:^ 1 4 1 
OCOy-Xiffi^ 1 4 1 3ICfg^$nTl^^. PMOSh 
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^>vx^ 1 4 1 0 o K u-r >sg^ 1 4 1 n^, mm^ 

^1 2 4 3 iZi^m^nX^^^o /NW 7X5g^ 12 4 4 
{t. NMOS h^>>^Xr$' 1 4 6 OOy— hiffi^ 1 4 6 

2 (CjgJgE^nXl^^o NUOS hy>z^7.i^ 1 4 6 0(D 
y-XiS^ 1 4 6 3 tS, tgitil^nTl>^ffi:^SS^ 1 2 4 
SlZi^m-^nX^^^o NUOS h^>i^7.^ 1 4 6 0<D 

K U-OiS^ 1 4 6 1 tl. PMOS h^>vX^^ 1 4 4 ' 
OcDV-XSg^l 4 4 3 PMOS h^>vX5' 1 4 
4 OCOy-hiS^l 4 4 2<h. :^XZ3-r^PMOS 
>vXi5^ 1 4 3 0(7)y- hiSg^l 4 3 2 :^X=i-K 10 
PMOS h^>v7.^ 1 4 5 OOy- hi^^ 1 4 5 2 
t^St^tlTl^^o FUGS h^>i^Xi^ 1 4 4 0<D\^U 

•< 1 4 4 ui. maisg^ 1 2 4 3 tcj^^^nxi^ 
[0 117] 01 3[cKUTJtaiUAc,j:^{c, mi (Dm 

m.^'f' 1 2 4 2 ±(Dmmt. 5'^"->yi|Sit I 

HP MO S h^>vX^ 1450i:PMOSh^> 
>?X^ 1 4 2 OCD^:^^:t), 5^3.-- >^^§f! I 
tunc ^KKjf'Sct'^trAWTXLT^CttnfriYcC^Tii: 20 

$e>tC. m2c7)ffiSfLi^^ 1 2 4 1 JtcT^mgitfeSfc, 

5^zi--->^msf[ I . u n c \zm\^<u»n{:£Ui^u 

V^o Lrcf)^':>X. KPMOS h^>>^X5' 1 4 

3 0 tPMOS h^>>?7.r$' 1 4 1 0CD^;5"<tfe. 5"^. 

>v^X^7 1 4 6 O&Z^PMOS K^>>^X^$^ 1 4 4 0 

<k->xm^'^n^. nmos h^>>^x^ i 4 e 
oti, m^^h^yi^T.i^^ 1 2 2 ofcg-^-r^ h^>vx 

i^'^tt^&^LTVi^o $e)tC, NMOS h^>'>*7.^' 1 30 

4 6 OH. S^h^>>^X^ 1 2 2 0 <h|Wli;y-hV- 
XHm^^LTl/^^o bAc^O^oT. NMOSh^>f/X 
:$^1 4 6 0ti. PMOS h^>5/XiS7 1 4 4 0 (h, 
n— KPOMS h^>i/X5' 1 4 3 0 (h. HP 

Mos h^>vx^' 1 4 5 0 ^^smtT^^vumm^^ 
y-Hffl^ 1 4 4 2±tc$>nt^, -tn^&iaT^-t^i^ai) 

. u n c ^ h^>>^7.^ 1 2 1 0COaT^S:LAcM<h^ 

[0 118] &s±^^m<DmmRv^yjm(Dmm\z^\^^x 
^mLtz-f)^. ctiib\t^^m(DW.m^7r;Lrzh<Dx$>'o 
T, ^m<D^m^±'^[^rz^^(DmMizm^'r^h<Dx 
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m'^m^m\^^^:LLii^x^^z.tm^o^xhf^iK 

[0 119] 

{^mrnm )^j.±.m.m\^tz^o\z'M%m\zxn\^. ge 
T^BicsiiS^bT^. t^-om^mm.cDnmo^m^^iz. 

[0 12 0] S(C*:5gBj!(Cctntf, tfilS^EcT^SSttlL^ 
;^xAtC^Sn^ E R 7 >r ^ JE^ST^^t'SiifbT 

E R 7 ^ ;u^^i@{t:^E;<^^'tt e>n^o 

[0 12 1] S;t*:^HJlCctn«, tBtgglScT^^tthiLS- 
[HI] -^&57^ctg|55i^f£;§^;t?£ (PRML) ^mUv- 

m2] '^^(Dm\tm(D^u^y{7mx$>^. 

[113] ^^^<DmitmWM\tiy7.'rIx<Dy^uyC^mx^ 
m4] :^^0JiCck^PRML^aiL->X5^AcOf¥JM;Cc 
im 5 ] *%HJ|- J: ^^jo^^t^t- H tC*5tt^ E R^-jbSg 

[me] z. &i/wc (Dm^ti.xo)^^iimmMm(D 
mM^^mx$>^o 

^^ki§^ii{t:f>x5"A(7)y D ^mx$>^o 
ims] m4:Bizsm5<DERy^ 4 1 0(D 
mmuyuy^mx$>^. 

im9] Gmcy^ ji^i^0-m^7jk'rmmmx$>^o 
[1^10] Gm^a y^o-^mm^Tik-rm^mx^ 

^mx$>^o 

mi 2] 'iitm<Dum/'m}£mm\Bi^o:>y'-h\Bimmx 
mi 3] ^^B^\z^^i^mymfEm{tim^<Dm^mx 
mi 4] :$i^m\zj:^i^si/mj£mm^m(Dhy>zy 

4 10 ERy^Ji^^^^yC^ 
4 3 3 ^ ;i/5'ffiiifby D 'V ^ 
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